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A review of the literature was made resulting in 41 
o? which described research in applied experimental 
ects- in 10 of the 12 studies showed some improvement in 

a result of using color in tfle displays. The deci^aon 
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equivalent cost, there was evidence to suggest the 
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NAVTRAEQUIPCEN TN^50 
, PREFACE 

A review of the literature was mada as part of Task 6723-01, Wide-Angle 
Hi*g'h Resolution Color TV Techniques for Training Systems. Forty-one refer- 
ences were consulted, twelve of which described research in applied experi- 
mental settings. Subjects in tfen of the twelve studies showed some improve- 
ment in performance as a result of Vising color in the displays.. The decision 
as to whether a color or monochrome television system should be used appea,rs 
to be dependent oil the specific application and cost factors. If either type 
could be produced and maintained for equivalent costs, then there is evidence 
to suggest that perfot'mance with color TV would.be as good, and for some ap- 
plications, better than monochrome TV. * 

I am indebted to Dr. Stanley C. Col Iyer for leading me to some of t;he 
references and for reviewing the manuscript. I would also like to extend 
my thanks to Ms. Jeannette Price fdr skillful preparation of the report. 
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REQUIREMENTS FOR COLOR IN TELEVISION, DIs/lAYS 

^introduction' \ " / * 

The importan/e of providing color cues, is difficult to detem^ 
ever, it is knoWi that color plays an important role in some operations. 
During night ai>,craft takeoffs and landings, color/is employed to provide 
conmand information, e.g., green boundary l^nes ar/d red obstruction lights. 
This is an example which uses color coding as a relevant stimulus of the 
training.s<ituati(Wi. This is ah obvious exampl ey however , other situations 
are more subtle and are difficult to analyze jin/ terms of the requirement for 
color. For. example, it is difficult to detemifne the importance of color to 
visual navigation at high altitude, as atmospneric attenuation reduces the 
saturation of colored objects until they ^are /indistinguishable .from achro- 
matic objects. \, / 

> " ) / ' , . " , . 

As monocJfirome television systems, display an image that varies only i.n 
luminance level, it would seem that, a great deal of potentially tiseful in- 
formation is being lost. In determining ythe identity of an object, color 
should be superior to an' achromatic presentation as it is one of its distin- 
'^guishing characteristics. As stated by/Middleton (1963), "... green forests 
and red barns have sometimes to be used/ as 'visibility marks', and the con- 
spic-uity of a bright-colored aircraft trash-landed in a green wilderness may 
Be a matter of life and death." Some /researchers (e.g. , Hil Imin, 1967) have 
suggested that acquisition 'performancfe should be improved substantially if 
this extra information, Were availably to the observer, particularly when 
operating at simulated low altitudes/ in clear weather. 

REVIEW OF THE LITERATURE ^ / 

Only a few realistic studies/have been designed to investigate the use 
of color TV systems in target acadisition. These studies have generally 
failed to demonstrate clear-cut differences in detection performance as a 
function of color contrast-, although recognition and/or identification per- 
formance may be enhanced in certain instances. A review of the experimental 
literature on the effects ' of cdlor on visual search, primarily for displays, 
was conducted by Christ (1975)/. He concluded that while color can be an 
effective aid. to performance under ^ome conditions, it can be 'detrimental 
in others. If the observer has been briefed concerning the colors of certain 
classes of targets, his performance might improve. Christ also concluded 
that, in general, color is superior to size, brightness, and shape as uni- 
dimensid^nal target features/, but inferior to alphanumeric symbols. 

One study of the abil/ity of subjects to acquire colored military targets 
was performed by Fowler arid Jones (1972). They investigated whether the use 
of a color television display would enhance detection or recognition per- 
formance over that achieved with a black and white TV picture. Using video 
,tapes prepared by "flying" over a terrain model, they found no advantage due 
to the- color display, regardless Of whether the target colors were similar - 
to, or different from, their background colors. Later research in the same 
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laboratory employeti lower target/backgrojUnd brightness contrast values than 
used in the earlier study. The results l^gaiin failed'to demonstrate any ad- 
vantage due to the use of color displayS> • 

An earlier simulation study {Snyder'let al . , 1964) comparing color with 
black and vyhite film, arrived at essentially the same conclusion. No sig- 
nificant differences were found in mean recognition ranges or percent correct 
recognitions, even, when two of the five gargets employed were yellow vehi- 
cles, which are seldom encountered in realli^e tactical environments. A 
similar conclusion was reached in a recent study by Davies (Parkes, 1972). 

Because of the results of such studies and because of certain other con- 
siderations^ it is doubtful whether presenting the observer with a realistic 
color picture of the scene is particularly advantageous in. most air-to-ground 
operations. This is especially true considering the increases in cost and 
weight associated with color systems. One reason for the relative unimpor- 
tance of color information is that the atmosphere reduces color contrast, 
imparting a bluish tinge to Tow-contrast objects (cf. Middleton, 1963). In 
general, as the distance between the. object and the observer increases, 
colored objects become less saturated until they are virtually indistin- 
guishable from achromatic objects. The range at which this occurs depends 
upon the amoynt of haze, the nature of any atmospheric contaminants and the 
interest saturation of the object. In many instances, the target and its 
background may be essentially achromatic at the range at which an observer 
initially detects the target. 

In addition, of course, most tactical targets are deliberately colored 
to match their probable surroundings as G^losely as possible, which further 
decreases the importance of color as an operationally significant variable. 
Furthermore, tbe dominant wavelengths of most natural objects appearing on 
the earth's surface lie within a fairly narrow range, which means that the 
range of color contrasts likely to be encountered in most missions is limited 
(Jones, Freitag, and Collyer, 1974). 

Despite the negative results of the studies, just cited, other studies 
provided experimental data in support of using color. These are briefly 
described in the annotated references (Table 1). Other references which 
provide pertinent information, but do not describe experiments directly ap- 
plicable to the problem, are listed separately. 

. DISCUSSION 

The studies reviewed indicate that color television may offer a small 
but significant improvement in target detection over conventional black and- 
white television. The presence of color, in the visual field, tends to in- 
crease contrast, thereby, increasing the range of detection and recognition. 
Color contrast can overcome, to a great extent, loss of luminance contrast. 
Although luminance contrast is by far the more effective of the two, color 
contrast will contribute a small but sometimes important addition to the 
visual scene. * I 
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Color and its associated luminances hav^an effect on the perception ofi 
distance (Taylor and Sumner, 1945). It is possible, .therefore, to influence 
the apparent depth of a displayed scene by the use Ctf color. The effect may 
be more the' result of luminance changes than the co.l;6,rs per se but in any 
case, an apparent depth change may be noted betweenVa'n achromatic and color 
presentation. This off feet may be negligible in most .cases, nevertheless, 
for the simulated situation in which depth perceptio^^ is considered critical, 
it may be a fact worthy of consideration. ij'. 

Chase (1976) wHile conducting an experiment witfi his Computer Generated. 
Calligraphic, Full Spectrum Color System, foupdUhatfthe display produced 
better performance and confidence among his s*jbjectsi It was reported that 
this improvement resulted from the perceived" three-dimensional characteristics 
of the color night'landing scene. The subjects also [reported that the red 
colors appeared to be in front of and abp^^'the blue|Golors. This effect has 
been corrmonly referred to as "color ster^scopy". TJ|^; study by McCain (1971) 
in which he used a modified Bausch and ;lj;|l|)b Orthorateif to demonstrate the 
apparent depth of colors, supported thes;t' results. f , 
3 * . 

Chase's (1976) study was also cfifRterest in that.it demonstrated the 
differences in pilot performance prpdgced by changihgjithe positions of colors 
within a visual display. The follow>i'rig display configurations were used: 
(1) two landing approach scenes, oiife with red approach liahts and blue taxi- 
way lights and the other with the,|colors reversed, anj'(2) three perspective 
arrays of either red, bl ue, or ri^d 'and blue lights. tl[»e' results supported 
the study hypothesis that specific colors in displaysiqan influence the pi- 
lot's control characteristics during the final approaqb. \ 

In addition to providin^-an i 1 lusion of depth, color can compensate for 
insufficient resolution. Iri^most cases, the response to a question as to the 
visual acuity of ,ths^human ^ye will be "one minute of arc", without any qual- 
ification of the statement/ This i^esponse is accurate for the minimum sepa- 
rable acuity and only under certain circumstances. Nevertheless, this is a 
good'value to use as a basis for discussion. Vision through. an- aircraft • 
wirvdscreen wi 1 1 reduce visual discrimination to about three miniJtes of arc. 
Bised on this value, a visual presentation using a television format with a 
vertical field of view of 40 degrees would require 16Q0 TV lines (60 min./ 
cfeg./3 min. x 40° x 2 TV lines/optical line pair). . Since the-television sys- 
;tems in general use have about one-third of this resolutiion, color may^ be • o 
/helpful in compensating for low resolution by increasing the apparent resolu- 
tion of the display.^ As to the question, "What 'visual ilUes are required for 
simulation in flight training?," the Air Transport Association visual simula- 
tion subcorimittee has written a specification (1970) for guidance in estab- ! 
lishing minimum requirements. A preliminary copy of thes^guidelines is 
included in Appendix A. Note in particular. Items 4. ; Resolution and 7. Color 
Presentation under Design Criteria. . 

Color can also add to the interpretation of v^suil motion pa tterjis by 
improving the identification of objects seen, thereby Irmorovirrg estimates of 
thei'r relative size and distance (Squires, 1931). Pattern discrirffipjation i^ 
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a function of the ability to detect gradients of brightness, color, and* sat- 
uration (Fitts, 1951). In Wagner's (1975) two studies, color helped the 
detection task in one study, while in the acquisition study, color was of 
no benefit. / 

Iheter is^no question as to pilot preferences with respect to the dimen- 
sion of coloir; pilots almost unanimously prefer color to black and white 
.presentations in simulations of the visual world. Quantitative tests of 
advantages /^fforded by color have shown small but positive results (Chase, 
1970). When color provides a significant dimension of information, as in the 
C|ase of signal lights, it is obviously important; Extensive effdrts to repli- 
cate the exact color conditions that exist in the visual' world would probably 
be misplaced,' however. These color relations are subject to constant change 
from one time of the day to. the next, with changes in weather and w'ith changes 
in season. Observers are quite tolerant of rather large ^deviations in actual 
color, ^nd subjective standards of accfip/tabili ty are probably quite adequate. 
The range'of colors available on a coror television moYiitor is probably suf- 
ficient for a. simulation display, even though the range is somewhat limited 
relative to the full range of natural colors. Color would appear to be im- 
portant first, in those circumstances where important information is encoded 
in color variations and, second, for its value in added realism which influ- 
ences pilot acceptance of a simulation device (Brown/ 1973). 

CONCLUSION ^ ' ^ 

In conclusion, results of research in applied experimental settings 
generally favor the use of color television in training simulation. The con- 
sensus from the studies reviewed is that color did not decrease performance 
but, in most situations, helped performance. The results of ten of- the 
twelve studies reviewed indicated some improvement in observer performajice* 
as a function of using color in the display. The decision as to whether a 
color or mondchrome television system should be used, therefore,' seems to be 
dependent on the particular application and cost factors. If either type 
could be produced and maintained for equivalent costs, then there is evidence 
to suggest that performance with color TV would be at least as good, and for 
some appl i cations , 'better than black and white TV. • 

*- 
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TABLE 1 . ANNOTATED REFERENCES 



Source 

Chase, W. D. Evaluation 
of several TV display 
system configurations 
for visual simulation 
of the landing approach. 
IEEE Transactions on Man* 
Machine Systems , VoT! 
MMS-n, No. 3. Sept. ^ 
1970. 



Description 

A study was conducted to determine the 
effects of several variations of two 
types of visual display systems on sub- 
jective pilot evaluations and objective 
measures of performance .in the landing 
approach . Two types of flight approaches 
were made with either a projector or 
coTlimated monitor visual display: (1)* 
the instrument approach, and (2) the 
visual approach without the normal cock- 
pit instrumentation assistance. The 
variables examined were color, differ- 
ences between displays due to co4-lima- 
tion, and reduced resolution. 



Resolution 



Display 
System 



Chroma 



304.8 TV lines projector color 



(7.08') 



356 TV lines 
(5.12') 



color 

black/white (2) 



moni tor 



228.6 TV lines monitor 
(7.97*) 



Q)lor 
color 
black/whi 

color 
black/whi 



te (2) 



Resul ts 

The pilots were more critical of 
the black and white variation for 
either display, and favored mpre 
use of a color system. 

Advantages cited for a col 
tern included greater pilot relax- 
ation, decreased fatigue, better 
picture quality, and more realis- 
tic depth perception. 

The objective performance mea- 
sures of the study were reason- 
ably consistent wi th the pilot's 
subjective evaluations and com- 
men ts . For the flights made 
without color, the iandings~were 
predominantly to the right of the 
runway center] ine with twice the 
standi^rd deviatiogu 
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TABLE 1. ANNOTATED REFERENCES (CONT) 



Resriil ts 



Source 

Chase. W. D. Effect of 
^ color on pilot perform- , 
ance and transfer^ func- 
* tions using a ful 1- 
spectrum; calligraphic, 
color display system. 
Presented at the AIAA 
Vision Simulation and 
Uttion Conference^ - 
Daj^ton. OH. April 26-28, 
1976. 



( 



The vertical perfqjrmance measures 
obtained In this experiment- indi- 
cated that the pilots performed 
best with the blue and red/blue 
displays, and warse with the red 
displays. The crossover frequen- 
cies were lowest with the red • 
displays and highest with the 
combined red/blue displays which 
provided the besf^overall track- 
ing performance. Describing 
function performance measures i 
vertical performance measures, 
and pilot opinion suppor^t the , 
hypothesis that specific cgtor^ 
in displ^^ys can influence rhe 
pilots control 



infl uence 
characteristics 



during the final- approach . 



JC 



Description 

A study was conducted with the full- 
spectrum, calligraphic, computer-generated 
display system to determine" the effect of 
chromatic content of the visual display 
upon pilot performance during the landing 
approach maneuver. This' study utilized 
a new digital chromatic display system, 
whidn was previously shown to improve the 
perceived fidelity of out-the-window dis- > 
plajf scenes, and presented the results 
of an experiment designed to determine 
the effects of display color content by 
^the measurement of both vertical approach 
^performance and pilot describing func- 
tions. This method was* selected to more 
fully explore the effects of visual color 
cues used by the pilot. Two types of 
landing approaches were made; dynamic 
and frozen range with either a landing 
approach Scene or a perspective array 
display. The landing approach scene was 
presented with either red runway lights 
and blue taxiway lights or with the colors 
reversed, and the perspective array with 
red lights, blue lights, or red and blue 
lights combined. 

10 



9 



^ ^ TABLE !. ANNd^ATED REFERENCES. (CONT) 



" Source 

Chase, W« D. Computer- 
generated, calligraphic, . 
full-spectrum color sys- 
tem f,or visual simulation 
landing approach maneu- 
vers. Proceedings of ,the 
Society^of PhotOjOptical 
InstrumentatiofL Engineers , 
Vol . 59. Anaheim, 5a, 
March 17-18, 1975. 



Description . 

To obtain- information on how color in 
te rminal-approach visual displays affects>, 
pTTot performance and opinion, a high 
brightness chromatic projector was devel- 
oped for use in research. A brief exper- 
imental study, using four airline pilots 
was conducted in a fixed-base simulator 
to determine the effect, on pilot per^ 
formance and opinion, of a color landing 
display as compared to that of a mono-^ 
chromatic display. The color display was 
presented in two modes: as a rear-screen, 
projector image and as an aerial imoge. 
Touchdown performance data from this 
simulator experiment were compared to 
similar performance data from ph^vious 
flight experiments. 



Results 



1. No significant differences # 
were found between longi tudinar 
touchdown perforrance Wi th the 
rponochromatic and chromatic dis- 
plays, nor between the simulator 
performance data and some actual 
flight data. ^ . 

2. Rate-pf-descent at touchdoWn 
was lower for the more, realistic 
chromatic aerial-image display ^ 
than for the monochromatic dis- 
play, but still not as low as In 
.actual flight. ,\ 

3. Pilot opinion indicated that 
both performance and confidence 
were enhanced by the' chromatic 
display, particularly when pre- 
sented as an aerial image. Thi-s 
effect was reportedly duetto an' 
enhancement of^ perceived three-' 
dimensional charaoteri st1cs> 



u 



TABLE 1. 

Source 

Dust,'. 0. C. Color clo'S^d- 
clrcuit television a * 
means of providir*) visuyi 
cues in" simulatior, Paper 
70-347 presentc'l a t 7\lM 
Visual and Motion Simula- 
tlon Tethnoltyny Conferencp, 
Cape C 'O'ivera'', FL , M.irch 
16-13, 1970. 



Description 

Describes the SA iipment and ,?techniques 
used at NASA Ajt^s to |5rovidc visual cues 
and discusses the necessity for their use 
during certain parts of the flight pro- 
file, such as during f 1 a re a n d iQu chdown . 
Using Ames cquipn'ent, an attempt was made 
to relate objective measurements of tele; 
vision picture quality to ^he descriptive- 
picture requirements ^f the Air Transport 

Association guidelines. A discussion of 
why dolor television was used and the 
tradeoffs that were made to provide the . 
best overall visuaj. system capability, 
wef'e included. 



ANNOTATED REFERENCEMCONT;) - 



Results^ 



Six, -four, arfd t>c foot Ofbjects 
could detecte j '-^jch soonent^ 
durijap an apprOdcH* us ing the' v. ' • 
color monitor .thar, with the black 
and white tnonitor. 

k vertical six foot object was / 
recoqnl zed on runway from a. simu- . 
latea /distance of 1/2 mile w 1 th ^ . 

color TV i^t nOti> with monochrome 
Tf. This is equivalent to a ~- 
vTsuaV angle of eight minutes ' 
of arc. (state* at the Simula- 
tion Technology Conference, by 
Mr. Dust.) • . 



> 

Fowler, F. D. and Jones, 
D. B. Target Acquisition 
Studies: (2) Target 
atquisition performance: 
color vs. monochrome TV 
displays. Martin 
Marietta Corp . , Or! ando , 
FL, OR 11,7^ . January 
1972 (AD736244). 



^This experiment'^Vi'luated tHe 'differences 
• 1 n ^acquisition performance el 1 c1 ted by ' 
color and monochrome. TV display presenta- 
tions of ground targets . Two-D building 
type target silhouettes were used'which 
provided a range of contrasts relative - 

Jp theiJr backgrounds, in terms. of bright- 
|ess and color dlffer^.ces. The MartTrV 
arietta Guidance Development Center 
simulation facil.ityi including the 40 ft. 
^ ,x 40 ft., 600:1 sca^e terrain model, was' 
Tused for baslcVtlmllus g.eneratlon. ' 
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-Results 

* 

^ Results showed th^t color con-'* 
' tras't did not affect displ^iyed 
^target acquisition per^form^nce 
* f or this type of mission, over the_^ 
range of target/background condi- 
tions used. Brightness contrast .-^ 
appeared to determirfl acquis iti^fl 
di'stance more than aflft/ other 
factor. j^It was conwuded, there- 
fore, that color contrast normally 
* plays a s'gcondary role ln^a1rbor^^e / 
*. target acqulsltiorK 7" 
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Source, 
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McCain, C. N. , Jr. , and 
Karr, A. C. Color and 
subjective distance. 
;U. S.^Ariny' Aberdeen Re- 
Search and Develppm^nt 
Center, Aberdeen Proving 
-1 • Ground, MD. / Human ' 
Engineering Laborattories 
Tfechnical Memorandum 
20-70, August TWO. ') • 

■ *" . ' • " • * 




Sixteen observers adjusted the position . ^ 
AOf a white or colored rod until it seefmed 
/to be alongside *a -reference ^whi te or ' • ' 
colored rod. The co'lors usied were blue 
and red of matched luminance?. (-Ilium- ^. . 
i nation .of 0.20 foot-candles at the ob- *: ' ' 
server's position and 0.25 foot-candles * 
at the target/ machine. ) . 

• . * ■ . . • ' " ■ 






■ . > ■ ' * " " " ■ '■ 
Observers tended to see the red , 
rods as nearer and the blue rod^ 
as further away.. It was concluded* 
that red and blue are used as cues v 
for depth Dercepti on. V. 


r _ ^ J ^ ; ^ 


. McCain, C. N. , Jr, , and 
: ' Karr, A. C. Color, dif- 
ferential luminance and 
^ subjective distance, 
, U, S, Army ABerdeen Re- 
search and_^velopment 
Center, AbercJ^en Proving 
Ground, MD, Human 
• EngirteerlngLaboratories 
^ Technical Memorandum , 
' ^ 4-71, April 1971. * 

. Description 


\ 

V 


Results 

- . The observers perceived the red ^ 
rod as nearer than th^ blue under 
all conditions, with no signifi- 
cant effect of luminance under ^ ' 
/any "condition. It was concluded 
--that color per se is a cue for 
iepth. ^ 






1 ' A modified Howard- Dohl man type apparatus * 

wa^ used to quantify the abili ty of 12 ^ ^ - ' 
. observers, to adjust the nelative distance / 

' ^ ' of gray, red and blue rods under six ' . . . / ^ 

relative lura^inance combinations (left or^ ^^rt^* • 
right rod having egual , one-half, or one- ♦ '^f^i 
quarter the liuminance^ of its comparison • ' 
t<^\ (Illumination of 0,20 fbot-candles ^ ' \: 
' at. the, observer's position>^nd 0.25 foot^^ Z^, 

i .candles at the target machine. ) . ' / 


k 

' o ' • ,. ' ^✓^ 
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TABLE K ANNOTATED REFERENCES (CONT), 



Waqner. D. W. Target 
detection with color 
sus black and white tele- 
vision. China Lake,'CA, 
Naval Weapon^ Center, 
Report NWC TP 5731 , April 
1975/ 36 pp. 



Investigated target detection perform 
ance on color and black-an 
vision. Green, brown, and 
tanks \^ere viewed under 25 
TV lines resolution agains 
a ^rown background' on a> te 



d-white tele- 
,gray model 
;| 35, and 300 
t ja green and 
r^rain "model . 



Target-to-background lumin 
studied were positive (tar 
than surround), negative ( 
than surround), and zero. 



ance co'h^trasts 
gets lighter, 
targets darker 



Colgr provid ed* a slig htly hi gher 
percentage ot' target dPtp TTT^ 
tlvan did black and white TV f74 
ys^_69Jj. background color did 
not affect performance, although 
It figured prominently in several 
interaction effects. Gray tar- 
gets were more detectable than 

either brown, or green targets. 
Higher resolution improved per- 
formance about equally for b^h 
color and black and+vhite TV, and 
targets lighter than the back- 
ground, were detected more easily 
than either negative or zero con- 
trast targets. 
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Source 
' . I ■ 
Wagner, D. W. Tairget 
acquisitior with color 
versus blarlk and white 

television. China Lake, 
CA, Naval Weapons !Center, 
Report NWC TP 5800 , 
October 1975, 26 pp . 



Description ^ ~ t 

Two simulator experiments, differing 
only in field , of view (FOV) investigated 
air-to-ground target acquisition with 

color and black .and white television. 
A television camera obliquely viewed a * 
terrain model from a sifnulated altitude 
of 4,000 feet with two FOV'ss. 4.5^and 
3.25 degrees. Subjects searched for 
green, olive, brown, arid ea^th-colored 
tanks and trucks as the camera ''flew" 
over the terrain. 




\ 
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Results 



) " ^olor TV was not ^ ^pgrall yy 
oerior to black and whi te TVr 
2) the earth-colored 'targets 
provided more correct detections 
at faster response times than the 
other colors; (3) tanks were de- 
tected; but not identified, 
slightly faster than trucks; (4) 
target detection and identifica- 
tion w^s affected by the back- 
ground; and (5) the smaller FOV 
more than doubled correct target 
detections (41 versus 86%). . 



TABL€ 1.' ANNOTATED REFERENCES (CONT) 



• Whitehurst, H. 0. The. 
effects* of pattern and 
color on the visual de- 
tection of camouflaged 
vehi cl es . Naval Weapons 
Center, China Like, CA, 

. Repoft NWC TP '5 746, 
AprtT 1975, 28 pp. 



Analyses of variance revealed no 
significant effects due to pat-' 
tern contours or number of colors, 
whereas, color per se was found 
to tiave a Significant effect in- . 
reducing search times . • 



Two camouflage experiments were conducted ^ 
in which .subjects searched for model 
armored personnel carriers placed singly 
on a terrain model . The effects of "pat- 
tern contours, t)^e number of colors used 
to'^paint the parterns, and the particular 
colors used on Search times and detection 
probabilities were measured. 



Source. • 

Williams, L. G. Visual 
search: eye fixations 
as determined by in- 
structed target charac- 
i s ti cs . H on eywe 1 1 , I h c . , 
St. Paul, ffJ, Rept. 
TRANS-125 AD-620 336, 
August 1965. 



Observers were briefed concernin§. the , 
colors of single and multiple targets 
in crowded fields . Visual search was 
monitored using eye movement recordings. 



With prior instruction about 
single target characteristics, 
searcher's eye fixations tended 
strongly to fall on objects of 
instructed color , and less on ob- 
jects of instructed size or shape. 

In general , when ins.trtucted about 
multiple target characteristics, 
fixations were related to a single 
characteristic, color if* provided, 
otherwise size. 
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TABLE 1 .- ANNOTATED REFERENCES (CONT) 



Source 

Wong, K. W. and 
Yacoumelos, N. G. 
Identification of carto- 
graphic symbols from TV 
displays. Human Factors , 
1973, 15(1), pp. 21-31. 



Results 

The Msults showed that a color 
display offered some advantage ' 
over a black and white display 
of equivalent effective resoTj- 
tion . However, a black and whi te 
system could provide the same 
performance at the expense of a 
slightly higher effective res^ ^ 
lution. At an image-resolution 
level of nine TV-lines/mm, alpha- 
numeric syml^ols were identified 
almost 100% correctly for all map 
types and display types. Area 
and line symbols achieved their 
maximum level of performance at 
five, and seven TV-lines/mm, 
respectively. 



Description ^ 

Investigation of the resolution capabil- 
ity of TV displays in distinguishing 
details from line-maps and picto-maps ,. 
and to establish the relative merits of, 
color and black and white TV display ^ 
systems. The experimental variables in- 
cluded two display types, three map 
types, four swnbol types, and three 
image-resolution levels. 



/ 
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• NAVTRAEQUIPGEN TN-50 

APPENDIX A. . " . .1 

■ ATA VISUAL SIMULATION SUBGOMMIHEE 

• ( GUIDANCE .FOR ESTABLISHING ' ' I 

MINIMUM VISUAL SPECIFICATIONS 
FOR TOTAL SIMULATION - FLIGHT TRAINING 

The stated goal for visual simulation is to permit the total training 0f 
flight crew members in a flight simulator for such future airplanes as the 
SST aircraft. Therefore, if visual cues jfire required to execute a maneuver 
or any part of a. flight regime, visual simulation will be considered neces- 
sary. The specifications should call for an :ability to accomplish training 
in, the following: ; 

TRAINING NEED 1 i , 

1. Taxiing . In addition to normal taxi ing ia takeoff position involving A 
maneuvering the aircraft on taxiwaiys and bn to the runway for taxi and 
pre- takeoff check list and taxi procedures, cons ideraticjn- should be given 
to practice in aircraft docking; A speciial area or separate display may 
be considered for this purpose with transition to the gfeneral visual sim- 
ulation display either at a transition point on a given taxiway or as a 
discreet break from taxi practice to preparation for takeoff and landing. 

' Note: General topography for taxiing appears within the state-of-the-art, 
however nev? techniques and/or scaling may be necessary to provide real is- 
o tic taxiing and docking capabil^ity. 

2. Rejected Takeoff . Realistic practice in acceleration to any given speed 
prior to'Vi and stopping utilizing iivailable'deceleratioh devices both 
operating normally and abnormally is required. In ad<i(ition, simulation 
of various runway and takeoff conditi^ons such as ice, wind, and wet run- 
way surfacif must be realistically simulated. 

3. Takeoff and Climb . Accomplish normal takeoffs, day, dusk and night, 
with. ability to climb as directed by visual reference to horizon. Air- 
lines desire the capability to takeoff * and maneuver to Approximately 
3,000* and 15 mjles from takeoff. 

Visual simulation should provide practice in crosswind takeoffs with 
realistic side slip and/ar yaw on dry, wet or slippery runway. surfaces, 

• . ' ■ ' • ■ i> 

Note: Because the requirement for greater distanCe^J^maneuveripg for 
landing will seriously stretch the capabilities oi^jMny visual systems, 
^ it may be necessary to 1 imit the altitude and distance somewhat on the * 
'.takeoff enfj. V 

4. Loss of Engine after V] on Takeoff . The visual scene must be capable of 
following any airplane and/or operator inputs involved in this regime. 
This includes yaw- capability witho&^ loss of visual scene equivalent to 
the combined yaw due to engine failure and momentary error*' in rudder' In- 



put. . ^rj 



I -I 



5. 



10. 



o 
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6. 



Air Wbrk^ Typical horizpn reference (desirably groundl reference) both 
jlay aad night, should provide' for the abili ty to practjice climbing turns, 
level turns, demonstration of roll rates, minimum speed (fteneuvering under^ 
VFR conditions, recovery from approach to stalls, dutch' roll recovery ^ 
ancj entry to and level out from emergency descent. Performance rates 
should be comp&tible with aircraft limitations.' Performance may be with 
reference to generalized cloud deck horizon. - 

Note: •The i^se of a general cloud deck for horizon reference may be con-: 
siderably less costly and more' readily available than the simulation of 
continuous terrain at the higher elevations required for these maneuvers. 

VFR Approach and Landing . The visual presentation shoulTi permit practice 
in visual approach and landing with normaV power available and With one 
or more engines inoperative; approach and landing with jammed stabilizer; 
^ day and night landings; crosswind landing; landing simulating no reverse 
or reverse malfunctions; landing simulating no anti-sk|d or malfunctioning 
anti-skid operation; landing with vertical off-set; laf 
off-set; approach and landing with zero f taps; and pulf 
landing from any of tjhe aforementioned approaches. Tol 
VFR approaches and landings in jets such as the $ST, U 
that a maneuvering area of 15 miles from landing at an> 
3,000' may be necessary. 



ling wfth lateral 
out ori rejected 

iccompTish these 
i^ conceivable 

il ti tude of up to 



7. 



tidn should provide 
fty simulating condi|- 



8. 



Note: Obvious technical improvements in the state-of-{|he-art of visual 
simulation will be necessary to prbvide this VFR caparality. Considera- 
-ti on-^0tr^d^>e~g1l^^^^TOT mapping and preseMa;tion. 

Break Out from Instrument Approach . The visual simul 
realistic presentation of reduced ceiling arid visibil< 
tions, i.e., this may be to a point approaching zero-iferp conditions und< 
Category III operations* Lighting and runway guidance information should 
be realistic enough to provide practice in approach continuance decision/ 
making under all low minima conditions. ^ 

Missed Approach . Practice in accomplishing missed approaches from any 
instrument approach either as a, result of lateral offset,, unacceptable 
visibility or other conditions warrantipg abandoning an approach should/ 
be realistically available. ^ /J 



Landin<i Rol 1 Out . Practice in landing, touchdown rfhd ro|l joiit with dec 
si on capabili ty to turn of f -on any available taxiwaytpr High speed turi 
off is desirable. Realistic effect of wind, ice, snow a|d wet runway 
conditions should be^ available. ^ f ^ 

Note: Present systems indicate problems in obtaining all desired colli 
tions of high* resolution, focus and/or flexibility. 

■ I I , 

Circl ing Approach ;, Ability to circle, approach and laml under altituj 
and visibility restrictions applicable to the aijirl^nesl iperating 
cations. " 1^1 IT 



i- 



Note: If this requirement remains applicable t( 
the capability to meet VFR and IFR requirements 
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future type aircraft, 
for trainijig as abov^ 



NAVTRAEQUIPCEN TN-50 
v^pipified will satisfy the requirements of this maneuver, 
DtSIGN CRITERIA! 

K FieldLof View > Training requirements'call for full view from all front 
and side cockpit windows. 

2. freedom of Head Movement . The pilots should have full normal freedom of 
head movement without cropping or distortions that would interrupt the 

\ "real world*' acceptance of the scene, , v » 

3. View Availability , The field of view must be correct to both pilots 
simultaneously and provide correct reference to an observer/instructor. 



4. Resolution. 



a. The following resolution is required for daylight scenes. .(The point 
reference is defined as; distance out oh a 2-1/2 to 3° glide slope - 
unless otherwise notedf): i 



Point What You Must See 



) 15 mi\. 
3000' 

(2) 10 mi. 



(3) 6 mi. 

(4) 4 mi. 



\ 

Airport area 



How Well 

To recbgnize the 
airport 



With Ability to 
Accomplish 



Airport area with General plan of 

buildings visible the airport 
and partial run- / 
way definition 



Plan approach pa 
Runw^iy alignment 



ith 



Airport and run- 
way ^ 

Runway and taxi- 
ways 



Recognize the run- Runway alignment 
way 

* Recognize taxiways Runwfl^y alignment and 

establish glide slope 
slot 



{S)/Z mi. Runway striping Number of stripes 



Runway alignment^ 
glide^ slope slot and 
touchdown point 



(6) 1/2 mi 

(7) 1000* 



(8) Over 
end of 
runway 



Complete runway 
detail 



Complete runway 
detail 



Complete runway 
detai 1 



To recognize a 6* Alignment, touchdown 
vertical object on point and establish 

closing rate 



end of runway 

To recognize^a 4* 
vertical object 
and perceive tex- 
ture 

To recognize a 2* 
vertical object 
and texture 



Runway alignment, 
aiming point, final 
descent rate 



Runway alignment, 
touchdown point and 
flare 
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The following criteria may be used to establish resolution require- 
ments far dusk or night lighting scenes^(distances are assumed to be 
at e)f tended glide slope altitude): . 

(1) Strobe lights (6 mi.) or w^ithin confines of map 

(2) Approach lights (6 mi.) or within confines of map* 

(3) White runway edge lights (6 mi.) or within confines,<)f map 

(4) Cehterline lights (3 mi.) ; * ,^ . . 

(5) Threshold green lights (2.5 mi.) 

(6) Threshold red lights (2 mi.) 

(7) Touchdown lights (2 mi.) 

(8) Taxi lights (2 mi.) 

(9) Amber run.way runoi(t lights (1 mi.) 

(10) High speed taxi turnoff (1 mi.) 

(11) . VASI (if Installed) (5 mi.) 



Performance Limitations . Airport maneuvering' 



7j. 



Ceiling Height and Breakout 
Vertical Velocity 
Transverse Velocity 
Forward Travel 

Forward Velocity 
Roll Angle 
Pitch Anglet 
Yaw Angle 
Heading Angle 
Visibility Control 
Scud 

Wind through 360 degrees 
Gusts (air and ground) 
Landing Lights (Airplane) 
Taxi Lights (Airplane) 
Roll, pitch and yaw velocity 



0 - 300D ft. V \ 
0 - 6000 fpniC 
0-160 fps."v :>^^ 

16 mi. min. "idrf approach and 10 mi. 

departure a 
0 - 350 Kts; }^ k 
+ 50 degrees - 
+ 30 degrees" p ' 
+ 30 degrees ; > 
J5 to 360 degrees 

0 to 15 miles . • . ^ ' ^ 
Variable '5; ^ 

0 - 60 Kts 
0 - 40 Kts ^ 

Realistic and ojierable from simulator 
May be turned; oil, pr off .by flight crew 
To match airplahlfr-performance 

respond at the same:^rate and accelera- 
that no delays,^„^gsi hysteresis, smear 
pilot. For take^ilr, and landing, the 
visual response to airplane yaw will be translatdi >^ri /terms of the pilot's 
position, i.e., include both lateral and angular cfl^pjapement In correct 
relationship to the airplane. Yaw in the air, iritlliding the approach will 
account for the infinite radius of the arc. ' 



Response . The visual scene shall 
tion as the flight simulator such 
or coasting is perceptible to the 



Color Presentatio n. 
requirement. THe 
be considered 
logical effect 



Color for runway lighting is apiabsolute ^minimum 
importance of full or true color f^ir bther cues should 
for depth perception, ^imulation^cce||lante and the psycho- 
of realism. , 



Side Slip . Realistic simulation of all runway conditions will be required 
including complete freedom of airplane movement on the Tunw2^ under wet 
and slippery runway conditions. '\ 
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9, Lighting . All night and day runway and airport lighting, must be simu- 
1ated such that light presentations will be recognizably realistic f rom ' 
any direction viewable by the pilot in the air or on the ground. Night 
and day runway and airport lighting to include: 

a. Approach lights 

^b. Sequence flashing strobe lights ^ - \ *• 

c. Centerline lights 

d. Taxi lights and high speed turn off light to taxiways intercepting the 
runway used 

e. Runwe^ edge lights * 

f. Touchdown lights 

g. Full category f I lighting 

h. Category III lighting and guidance 

i. VASI . . 
j. Random airport lighting desirable 

10. Brightness . Brightness balance will provide Vor as realistic a daylight 
cocKpit condition as possible for d^^y1ight scenes to permit reasonable 
simulation of daylight lighting in thfe cockpit. 

11. Visibility Variability . In addition to complete instantaneous variability 
of ceiling and visibility by* instructor and/or operator, a condition of 
ragged ceiling and scud should be available. / 

Improved special effects are required. 

12. Gradual Breakout . The^'visual system shall provide for linear and non- 
linear reduction of obscuration during breakout to visual contact. 

13. Heads Up Display Compatibility is required. 

14. Maintainability and Reliability must be compatible with the basic simula- 
tor on which used. 

15. Display Device and Distance must be compatible with the flight simulator, 
its motion system and the viewing 1:equirements of each crew member. Con- 
sideration should be given to virtual image presentation for realistic 
depth perception for VFR maneuvering. 

16. Motion Compatibility . The visual system should be compatible with the 
motion system and capable of withstanding the buffeting and accelerations 
of the motion system. 

17. To accomplish all training requirements, consideration should be given to 
multiple media visual presentation with the media best suited to the spe- 
cific portion of the maneuver being phased in where necessary and the 
media providing flexibility phased in when flexibility becomes paramount. 
This concept could also apply in the taxiing and docking concept to\pro-' 
vide the larger scaling detail necessary for this presentation. 
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Mailing labels are prepared, when needed, as a computer 
listing, the source of which, is upc^ted on a weekly basis. 
It is not practical to preoare distrlbuUon Usts each time 
labels, are prepared; Therefore such Usts are prepared 
semiannually, and a sUght discrepancy may exist between 
the addil^ssees on this list and those appearing on the 
labels used to distribute this publication. 



HUMRRO Central Division, Suite 400 Plaza Bldg, Pace Blvd at Fairfield, 
Pensacola, FL 32505 % | V 

USA Aeo Medical Research Lab, ATTN: Dr M. A. Ho(man, P O Box 
577, Ft Rucker, AL 36360 ^ 

Director Human Engineering Lab, USA Aberdeen Research Development 

Center, ATTN: Dr John W. Weisz, Aberdeen Proving Grounds, MD^ 
. 21005 

HQ, USA Training and Doctrine Command, ATTNG-CTS, Ft Monmouth, 
'nj; 07703 ' / ^ 

Commandant, USA Field Artillary School, Tarket Adjpuis .ion Dept, ATTN: 
Eugene C. Rogers? Ft Sill, OK 73503 

■ ; ■ . ■ ' ^ . 

Direqtoi^Human Relations Research Organiaition, 300 N Washington St, 
Alexandria, VA 22314 

Humah Relations Research Organization, Division No. 1, Systems Operation, 
300 N Washington St. , Alexandria, VA 22314 
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SA Research Institute /Behavior, Social Sciences, 1300' Wilson Blyd, 
Arlington, VA 22209 ? . 

Chief Research Office, Office Deputy Chief of Staff for Personnel, Dept 
of Army, Washington, DC 20310 

i^sst Secretary Navy, R-D, Dept of Navy, ATTN: Dr S. Koslov 4E741, 
Washington, DC 20350 

Chief Naval Researdi, Code 458, Dept of Navy, Arlington, VA 22217 

o ■ ^ . ■ ■ 
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■ •' ... 

auef Naval Research, Psychological Sciences, Code 45Q, Dept of Navy, 
* Arlington, VA 22217 ' • ' • 

Chief Naval Operations, .OP-991B, Dept of Navy, ATTN: M. K. Malehorn, 
Washington, DC 20350 

Chief Nav>^ Operations, OP-987P10, Dept of Navy, ATTN: Dr R. G. ftnlth, 
Washiftjjton, DC 20350 ^ 

Chief Naval Operations, OP-987P7, Dept of Navy, ATTN: CAPT H. J. 
Conneiy, Washington, DC 2035O 

Chief Naval Material, MAT 031 M,' Washington, DC 20360 ' 

Chief Naval Material^ 0344, C P 5, Room 1044, Dept of Navy, ATTNf 
Arnold I. Rubinstein, Washington, DC 20360 ' 

BuWau Naval Personnel, ATTN: PERS-OR Arlington Annex, Washington, 
1>C 20370 . : 

\ ' ... , . — ♦ . 

Commjindant bf Marine Corps, Code A09C, Washington, DC 20380* 

Di rector, Xpefense Research Engineering, ^^N; LCOL H. Taylor, 
OAD »-b, W^shlr^lon, DC 20301 , V 

ERIC Clearinghouse on Educatlonai Media (Tecl)nlcal), Stanford University, 
Stpiford, hfii .94305 ' • ' 

* \' ' ^ ■ . ' , *" ■ - 

Grumman Aerospace Corp, Plant 47, ATTN: Mr Sam CampbelF, Bethpage, 
U, NY; 1171"4\ . 

Texas Tec^inical University, Psychology Dept, Box 4100, ATfN: Dr "* 
Charles Holcomb, Lubboc^, TX 79409 * 

I'. .■■ " • • . ., 

AmorfljM Psychology Association, Psy^chology Abstracts, Executive EHftor, 
1200 >J 7th S^NW, Washington, DC 20036 

CO, Navy aibmarine Base New Ixjndon, ATTN: .Jteychology SJection, Box • 
00, Groton, CT 06340 ^ ^ 

^ ■ ■: '•■ \ iL" 

Scientific Technical Information Office, NASA, Washington, DC^ 20540^ ' 

Director, Defense Research and Engineering^ ATTN: LCOL H. Taylor, OAd 
EftlS, Washington, D.C. 20301 
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Navaf Aerospace Medical Mstitute, NAVAEROSPREGMEDCER, ATTN; • 
Chief Aviation Psychology Division, ^ensacola, PL 32512 

CO, Naval Health Research C iter, San^Dipgo, CA 92152 

Commander, Naval AiV Systems Coinmand, Code 03, Washington, DC 20361 

' V ' - ■ ' • , ■ 

Commander, Naval Sea Systems Command 047C12, ATTN: CDR George 
N, Graine, Washingtc^i, DC 20362 

Commander, Naval Electronic ^stems Command/ Code 03, Wasliington, 
DC 20360 V , 

Commander, 'Naval Supply Systems Command, Code 03, Washington, . 
DC 20376 , 

Commander, Naval Sea Siystems Command, Code 03, Washingtcm, DC 20360 

Commander, Naval Air Development Center, ATTN: HumalK Engineering 
Branch, Warminster, V\ 18974 

Human Factors aigineering -Division,. NAVAIRDEVCEN, Code 4024, ATTN: 
^ ICDR Charles Theisen, Warminster, PA 18974 

CO, PAC ^ISS TEST CTR, ATJN: Hd Human Factors, Engineering Branch, 
Pt Mugu, "CA 93042 

Chief Naval Reserve, Code 02, New Orleans, LA 70146 

Chief Naval Education and TrainiiKg, Code Nr5, ATTN: B. C - Stone, 
NAS, Pensacola, FL 3250JB' ' 

'■ "' " ■ ■ • - ■ 

Chief Naval Education and Trainingsi((.Code OOA, ATTN: Dr W. Maloy, 
NAS, Pensacbla, FL 32508 X — . 

CO, N^val Technidal Training; ATTN: Code 016, NAS Memphis, 
Millington, TN 38054 ■ - ' 

Chief Naval Air Training, »ATTN: J. L. UlatosW, NASlij^rpus Christl, 
■ TX 78419 ■ . o ■ ■ ' 
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Chief Naval Technical Training, Code 34, ATTN: Dr Hardipg, NAS . 
✓ Memphis 75, MiUington, TN 38054 

CO, NAVED TRAINSUPPCENPAC, Fleet Station PO Bldg, Code N, ATTN: 
Mr, Rothenberg, Sam Diego, CA 92132 

Chief Naval Education and Training Support, Code N-2, Bldg 45, ATTN: 
Dr Charles HaVens, NAS, Pensa,cola, FL 32509 

CUtk. Naval EducaticJn and Training Support, Code N-241, NAS, Pensacola, 
FL 32509 , 

US Air Force Humaii Reisources Lab, AFHRL-AS, Advance l^stems Division 
Wright-Patterson AFB, OH 45433 

US Air Force Humah Resources Lab, AFHRL/OR Oecn>ational Manpower 
j ' Relations Division, Lackland AFB, TX 78236 

US Air Force Human Resources Lab, A FHRL/SM Computational Sciences 
Division, Lackland- AFB, TX 78235 ' - 

HQ, Air Training Command, XPT, ATTN: Dr John Meyer, Randolph AFB, 
TX 78148 # • , ' 

US Air Force , Human Resources Lab/DOJZ, Brooks AFB, ^X 78236 

Chief, Institute Technical Division, ADC DOTI, ATTN: Mr R. E. Coward, 
Ent AFB, CO 80912 

• ■ '* . • • * 

HQ, US Air Force SyrStems Command, DLSL, Office Scienttfic Research, 
Andrews AFB, Wasliington, DC 20331 

US Air Force Human Resources Lab, AFHRL-TT, Technical Training 
Division, Lowry AFB, CO 8023Q "\ 

us Air Force Human Resources Lab, AFHRLr-FT, Flying Training Divialicm^ 
Williams AFB, AZ 85224 ' ^ 

ASD mSEt ATTN: Mr Harold Kottmann, Wright-Patterson AFB^ QH 
49^33 

ENET, ATTN: Mr Arthur Doty, Wright-Patterson AFB,4)aytoh, OH 45433 
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Commander, Navy Air Force, US Pacillc Fleet, MS North Island, San 
» Diego, GA 92135 ' 

Commander, Training Command, ATTN-^^ducattorial Advisor, US Pacific 
Fleet, San Diego, CA 92147 - '^^ 



Commander, Training Command, ATTN: Edu(MCtional Advisor, US 
Atlantic ijeet, Norfolk, VA* 23511 

•■ ■ ■ . ■ - « 

USAF Human Relations Lab, Personnel Research Dlvls^cm, lackland AFB, 
TX 78236 
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